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This Guide contains the recommendations on analysis of the nuclear power plant power unit non-conformities with the requirements of the effective regulatory documents in the area of atomic energy use.

It shall be applicable to all operating power units of nuclear power plants.

This Guide has been developed with due regard for the following IAEA documents:

Basic Safety Principles for Nuclear Power Plants. Report of the International Nuclear Safety Advisory Group. Safety Series, N 75-INSAG-3. IAEA, Vienna, 1989.

General Safety Assessment Framework for Nuclear Power Plants Constructed in Accordance with the Previous Standards. Report of the International Nuclear Safety Advisory Group. INSAG Series, N 8. IAEA, Vienna, 1996.

Safety Assessment of Operating Nuclear Power Plants Constructed in Accordance with Earlier Standards. Decision Making Guidelines. Safety Report Series, N 12. IAEA, Vienna, 1998.
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<*> This Guide has been developed by the collective of authors including the specialists of FBI STC NRS, Concern Rosenergoatom, Kola NPP.

The document has been developed with due regard for the comments and proposals of Concern Rosenergoatom, NPPs and organizations of the Federal Atomic Energy Agency, the directorates of the central office of the Federal Nuclear Supervision Service and the inter-regional territorial districts of the Federal Nuclear Supervision Service.

Abbreviations

NPP - Nuclear Power Plant

PSA - Probabilistic Safety Assessment

DiD - Defense-in-Depth

IAEA - International Atomic Energy Agency

RD - Regulatory Document

RS - Radioactive Substances

Terms and definitions

1. NPP safety - the property of a nuclear power plant to restrict radiation exposure for the personnel, the public and the environment to the established limits under normal operating conditions and in case of any operational occurrences including accidents.

2. Defense-in-depth - the system of physical barriers on the paths of RS and ionizing radiation propagation into the environment and the system of technical and administrative measures aimed to protect the barriers and maintain their efficiency as well as to protect the personnel, the public and the environment.

3. Regulatory documents - any documents establishing the mandatory safety requirements in atomic energy use.

4. Non-conformity of the NPP power unit with the RD requirements - any non-conformity of the design, engineering or operation documentation of the NPP power unit with the regulatory documents establishing the mandatory safety requirements in atomic energy use.

5. Safety issue - reduction of the efficiency of any barrier in the path of ionizing radiation and RS propagation or any DiD level degradation caused by non-conformities of the NPP power unit with the RD requirements or drawbacks of the NPP power unit design.

1. General provisions

1.1. The Safety Guide "Analysis of the Nuclear Power Plant Power Unit Non-Conformities with the Requirements of the Effective Regulatory Documents" (hereinafter - the Guide) contains the recommendations on analysis of any NPP power unit non-conformities with the requirements of the effective regulatory documents establishing the mandatory safety requirements in atomic energy use as well as the recommendations on presentation of the analysis results.

1.2. This Guide particularizes par. 1.2.3 of the General Provisions for Nuclear Power Plant Safety Assurance (OPB-88/97) (NP-001-97) with regard to analysis of the NPP power unit non-conformities with the RD requirements and par. 2.6 of the Basic Requirements for Extension of the Nuclear Power Plant Power Unit Operating Lifetime (NP-17-2000).

1.3. Analysis of the NPP power unit non-conformities with the effective RD requirements includes the following stages:

- selection of the regulatory documents containing the requirements subject to analysis of their implementation at the NPP power unit;

- identification of the NPP power unit non-conformities with the requirements of the selected regulatory documents;

- selection of non-conformities potentially significant in view of safety;

- grouping of non-conformities potentially significant in view of safety and formulation of safety issues;

- assessment of the safety impact of each safety issue;

- determination of urgency of the required safety assurance arrangements.

1.4. It is recommended to perform analysis of the NPP power unit non-conformities with the effective RD requirements based on the results of completeness and adequacy evaluation for the administrative and technical NPP power unit safety assurance arrangements defined in the DiD concept. Physical barriers, the DiD levels and components as well as the recommendations on analysis of the NPP power unit design non-conformities with the RD requirements are provided in Appendix 1.

1.5. If any techniques and methods other than specified in this Guide are used for analysis of the NPP power unit non-conformities with the effective RD requirements substantiation of the selected techniques and methods shall be provided.

2. Selection of the regulatory safety documents for the analysis

2.1. The effective list of the regulatory documents used by the Federal Nuclear Supervision Service for state regulation of safety in atomic energy use shall be taken as the basis to select the regulatory documents for analysis of the NPP power unit non-conformities with the effective RD requirements.

2.2. The regulatory documents related to the occupational health and safety issues (except for the areas specific for NPPs, for example radiation safety) shall be excluded.

2.3. It is recommended to present the analysis results in the form according to Table 2.1 of Appendix 2.

3. Identification of the NPP power unit non-conformities 
with the requirements of the selected safety RD

3.1. The design, engineering and operation documentation referred to a certain RD requirement should be reviewed in order to check for compliance with this requirement. It is recommended to present the results of RD selection for analysis of the NPP power unit non-conformities with the requirements of these RDs in the form according to Table 2.2 of Appendix 2.

3.2. It is recommended to present the list of identified non-conformities according to the format of the table provided in Appendix 3 (the first, second and third columns of the table shall be filled).

3.3. Several non-conformities may be identified for the same paragraph of any regulatory document.

4. Determination of the effect of the identified NPP power unit non-conformities with the requirements of the effective safety RD

4.1. Potential consequences for the NPP power unit safety shall be determined for each non-conformity. The following consequences should be considered:

- reduction in efficiency of the protective measures (degradation) for the barriers in the paths of ionizing radiation and RS propagation;

- reduction in efficiency of the DiD levels.

4.2. The conditions when the consequences (reduction in efficiency of the protective measures for the physical barriers and reduction in efficiency of the DiD levels) can occur should be defined in implementation of par. 4.1. The technical possibility for occurrence of these conditions should be present at the NPP power unit under consideration.

The conditions should include:

- the NPP power unit operation modes;

- initiating events of design basis accidents;

- failures of equipment;

- human errors.

4.3. It is recommended to specify the analysis results in the fourth column of the table in Appendix 3.

4.4. The same non-conformity may cause different consequences (under various conditions). In this case all these consequences shall be specified.

5. Grouping of non-conformities and formulation of safety issues

5.1. In order to analyze the non-conformities and their impact on the NPP power unit safety it is recommended to group these non-conformities according to their similar consequences for safety, i.e. similar impact on the same barriers in the paths of ionizing radiation and RS propagation and the DiD components.

5.2. Non-conformities with the requirements of different regulatory documents may be included into the same group.

5.3. If one and the same non-conformity can cause different consequences (under various conditions) it may be included into several groups.

5.4. The safety issue shall be formulated for each group of consequences.

5.5. It is recommended to present the analysis results in the format of the table provided in Appendix 4.

6. Assessment of each safety issue impact on the NPP power unit safety

6.1. The categories specified in Table 6.1 shall be used to determine the degree of any safety issue impact on the NPP power unit safety.

Table 6.1 

CORRELATION BETWEEN THE SAFETY ISSUE SIGNIFICANCE CATEGORIES AND SAFETY LEVELS

	Significance categories (safety significance) of the safety issue
	Safety level

	Insignificant
	Acceptable protection level for the barriers The safety impact of the existing factors is insignificant

	Low
	Inadequate safety level

	Average
	Low safety level

	High
	Unacceptable safety level


6.2. It is recommended to assess performance of the prescribed functions by the barrier/ DiD level in accordance with the criteria specified in Table 6.2.
Table 6.2 

COMPLETENESS OF THE FUNCTION PERFORMANCE BY THE BARRIER/ DiD LEVEL

	Criterion for determination of completeness of the function performance by the barrier/ DiD level
	Completeness of the function performance by the barrier/ DiD level

	The function is performed within the scope required in accordance with the safe operation limits and conditions
	Reliable 

	The function is performed within the scope sufficient under the particular conditions at the NPP power unit. 

In this case completeness of the function performance can be below the level prescribed by the safe operation limits and conditions 
	Adequate 

	The function is not performed 
	Inadequate 


6.3. The occurrence probability of the conditions necessary for radiological consequences may be determined on the basis of the PSA results or at the qualitative level. The correlation between the qualitative and quantitative criteria of the occurrence of conditions for radiological consequences is presented in Table 6.3.

Table 6.3 

VALUES OF THE QUALITATIVE AND QUANTITATIVE CRITERIA OF THE OCCURRENCE OF CONDITIONS FOR RADIOLOGICAL CONSEQUENCES

	Qualitative criterion for the probability of occurrence of the conditions
	Quantitative (PSA-based) criterion for the probability of occurrence of the conditions

	Expected
	> 10-2 1/year

	Possible
	10-2 - 10-4 1/year

	Unlikely
	10-4 - 10-6 1/year

	Extremely unlikely
	< 10-6 1/year


Application of the PSA results is preferable. However, if no PSA has been performed for the particular power unit, or the PSA results make it impossible to determine the occurrence probability of the conditions necessary for the consequences the qualitative expert appraisal shall be used.

6.4. The potential radiological consequences of safety issues are divided into the significance categories presented in Table 6.4.

Table 6.4 

SIGNIFICANCE CATEGORIES OF RADIOLOGICAL CONSEQUENCES

	Significance category of the radiological consequences
	Safety level

	Acceptable
	Radioactive releases and discharges of radionuclides into the environment do not exceed the safe operation limits

	Significant
	Radioactive releases and discharges of radionuclides into the environment at the amount above the safe operation limits but not exceeding the limits established for design basis accidents

	Unacceptable
	Radioactive releases and discharges of radionuclides into the environment at the amount exceeding the limits established for design basis accidents


6.5. Attribution of safety issues to the certain category depending on the frequency of events, potential consequences and completeness of the function performance shall be carried out in accordance with the matrix specified in Table 6.5.

Table 6.5 

MATRIX FOR DETERMINATION OF THE SAFETY ISSUE SIGNIFICANCE CATEGORY

	Qualitative criterion for the probability of occurrence of the conditions
	Significance category of the radiological consequences

	
	acceptable
	significant
	unacceptable

	
	performance of the functions by the barrier/ DiD level
	performance of the functions by the barrier/ DiD level
	performance of the functions by the barrier/ DiD level

	
	reliable
	adequate
	inadequate
	reliable
	adequate
	inadequate
	reliable
	adequate
	inadequate

	
	SAFETY ISSUE SIGNIFICANCE CATEGORIES

	Expected
	Low
	Low
	Average
	Average
	High
	High
	High
	High
	High

	Possible
	Insignificant
	Insignificant
	Low
	Low
	Average
	High
	Average
	Average
	High

	Unlikely    
	Insignificant
	Insignificant
	Insignificant
	Insignificant
	Low
	Low
	Low
	Low
	Average

	Extremely unlikely
	Insignificant
	Insignificant
	Insignificant
	Insignificant
	Insignificant
	Insignificant
	Insignificant
	Low
	Low


6.6. In cases of any doubt with regard to accuracy of the performed analysis the safety issue may be subjected to additional analysis. The subject of analysis includes:

- clarification of the safety issue category in case of any doubt with regard to its determination accuracy;

- checking for the possibility of the joint impact of several safety issues on the NPP power unit state;

- assessment of the trends for the safety issue significance changes over time (with due regard for the equipment ageing processes, etc.).

6.7. Upon adjustment of the significance categories for safety issues amendments shall be introduced to the previous analysis results.

6.8. It is recommended to present the results of the safety issue significance category determination with the use of Table 6.5 in the table according to the format provided in Appendix 4.

7. Determination of urgency of the required safety assurance arrangements.

7.1. Correlation between the safety issue significance categories and urgency of the remedial measures for the safety issues is presented in Table 7.1.

Table 7.1 

DETERMINATION OF URGENCY OF THE REMEDIAL MEASURES

	Safety issue significance category
	Characteristics of the safety issue
	Urgency of the remedial measures

	1. Insignificant - indicative of the acceptable protection level for the barriers; the safety impact of the existing factors is insignificant
	- the barrier is not affected;

- none of the protection levels is affected by the safety issue;

- the existing safety issue may increase the frequency of the initiating events considered in the design and actuations of safety systems and also require the personnel's intervention, but their effect on the risk of any accident resulting in radiation exposure for the personnel and the public exceeding the established radiation safety limits in the course of further operation of the NPP power unit is insignificant;

- the level of the operation parameters and safety culture may need improvement
	Operation may be continued. No temporary remedial measures are required. The required administrative measures are implemented on the scheduled basis

	2. Low - indicative of the inadequate safety level
	- the barrier can be affected;

- one or more protection levels are affected by the safety issue to the extent that the safety function capability to protect the barrier is reduced for certain design basis accidents or doubtful for certain beyond design basis accidents;

- the existing safety issue may cause a new initiating event, increase the frequency of the initiating events considered in the design and actuations of safety systems and also require the personnel's intervention, but their effect on the risk of any accident resulting in radiation exposure for the personnel and the public exceeding the established radiation safety limits in the course of further operation of the NPP power unit is low; 

- the level of the operation parameters and safety culture may need improvement
	Operation may be continued.

No temporary remedial measures are required. The required technical and/ or administrative measures are implemented on the scheduled basis

	3. Average - indicative of the low safety level
	- the barrier can be damaged (partially violated);

- one or more protection levels are significantly affected by the safety issue to the extent that the safety function capability to protect the barrier in case of certain design basis or beyond design basis accidents becomes doubtful;

- the risk of any accident resulting in radiation exposure for the personnel and the public exceeding the established radiation safety limits in the course of further operation of the NPP power unit increases to a certain extent, as the existing safety issue can cause a new initiating event, increase the frequency of the initiating events considered in the design and actuations of safety systems and also require the personnel's intervention;

- the operation level and the safety culture level are inadequate


	Technical and administrative measures shall be implemented within a short time. Prior to their implementation measures for compensation of safety deficiencies are required

	4. High - indicative of the unacceptable safety level
	- the barrier can be seriously damaged (violated);

- one or more protection levels are lost so the safety functions are not performed in case of certain initiating events, and the barrier cannot fulfill its purpose;

- the risk of any accident resulting in radiation exposure for the personnel and the public exceeding the established radiation safety limits in the course of further operation of the NPP power unit increases considerably, as the existing safety issue can cause a new initiating event, increase the frequency of the initiating events considered in the design and actuations of safety systems and also require the personnel's intervention;

- the operation level and the safety culture level are unacceptable
	Immediate implementation of the remedial measures is required.

If these measures fail to reduce the risk the NPP power unit shutdown may be required until the safety issues are eliminated. 


The results of analysis with the use of Table 7.1 shall be specified in the table (column 9) provided in Appendix 4.
Appendix 1

COMPONENT OF THE DEFENSE-IN-DEPTH LEVELS AND THEIR CONSIDERATION 
AT DIFFERENT STAGES OF ANALYSIS

1. The NPP safety shall be ensured through consistent implementation of the DiD concept. The DiD concept is based on the use of:

the system of physical barriers in the paths of ionizing radiation and RS propagation into the environment;

the system of technical and administrative arrangements aimed to protect and maintain efficiency of the system of physical barriers.

2. Four physical barriers in the paths of ionizing radiation and RS propagation into the environment are considered:

1st barrier - the fuel matrix;

2nd barrier - the fuel element cladding;

3rd barrier - the reactor coolant pressure boundary;

4th barrier - the reactor facility containment and biological protection.

3. The system of arrangements for protection and efficiency maintenance of the system of physical barriers includes five levels:

Level 1. The NPP siting conditions and prevention of operational occurrences.

Level 2. Prevention of design basis accidents by the normal operation systems.

Level 3. Prevention of beyond design basis accidents by the safety systems.

Level 4. Beyond design basis accident management.

Level 5. Emergency planning.

Table A1.1 contains the components of the DiD levels and the recommendations on their consideration in the NPP analysis for compliance with the effective RD requirements.

Table A1.1

DiD LEVELS AND THEIR COMPONENTS

	DiD level component
	Related physical barriers
	Recommendations on the analysis

	Level 1

(The NPP siting conditions and prevention of operational occurrences)

	Evaluation of the NPP site selection
	4
	The following shall be assessed in the course of analysis:

- stability of the NPP power unit systems and structures under the impact of natural and human-induced factors;

- meteorological and hydrological conditions of the site;

- emergency planning

	Arrangement of the sanitary protection area as well as the supervised area around the NPP where the protective actions shall be planned
	4
	Completeness of consideration of the requirements for the sanitary protection area and the supervised area shall be analyzed:

- under normal operation conditions; 

- in case of any design basis and beyond design basis accidents;

- in the course of emergency planning

	Development of the design based on the conservative approach with well-developed inherent self-protection of the reactor facility
	1, 2, 3, 4
	Consideration of the basic technical safety principles established in the regulatory documents used in the course of the NPP power unit design development shall be analyzed

	Assurance of the required quality of the NPP systems (components) and works performed
	1, 2, 3, 4
	Quality assurance is not distinguished for independent analysis as this factor represents the component of any safety-related activities

	Operation of the NPP in accordance with the requirements of regulatory documents, process regulations and operation guidelines
	1, 2, 3, 4
	Compliance with the RD requirements for the NPP power unit operation shall be analyzed

	Operability maintenance for the safety-related systems (components) by timely detection of any defects, implementation of preventive measures, replacement of the equipment with exhausted lifetime and arrangement of the efficient systems for documenting of the work and control results
	1, 2, 3, 4
	Compliance of any arrangements provided in the design and operation documentation and aimed at functioning of the particular DiD level component with the RD requirements shall be checked

	Selection and provision of the required qualification level of the NPP personnel for working under normal operation conditions and in case of any operational occurrences including pre-accident situations and accidents, formation of safety culture
	1, 2, 3, 4
	Safety culture is not distinguished for independent analysis as this factor represents the component of any safety-related activities

	Level 2

(Prevention of design basis accidents 
by the normal operation systems)

	Detection and elimination of any operational occurrences
	1, 2, 3, 4
	The following shall be analyzed:

- consideration of the single failure and redundancy principles as well as any other RD requirements related to safety assurance in the design of the NPP power unit normal operation systems and equipment;

- compliance with the RD requirements for the operation documentation regulating detection of any operational occurrences at the power unit and their elimination as well as control of the power unit in the course of abnormal operation

	Control in the course of abnormal operation
	1, 2, 3, 4
	

	Level 3

(Prevention of beyond design basis accidents by the safety systems)

	Prevention of escalation of initiating events into design basis accidents and escalation of design basis accidents into beyond design basis accidents through the use of safety systems
	1, 2, 3, 4
	The following shall be analyzed:

- consideration of the single failure and redundancy principle as well as any other RD requirements related to safety assurance in the design of safety systems;

- compliance with the RD requirements for the design basis accident management operation documentation

	Mitigation of consequences in case of any accidents that could not have been prevented
	3, 4
	Consideration of the RD requirements related to radiation safety assurance in the design of localizing safety systems shall be analyzed

	Level 4

(Beyond design basis accident management)

	Prevention of development of beyond design basis accidents and mitigation of their consequences
	3, 4
	The following shall be analyzed:

- consideration of the RD requirements related to performance of the functions aimed to prevent development of beyond design basis accidents and to mitigate their consequences;

- compliance with the RD requirements for the beyond design basis accident management operation documentation

	Protection of the containment against failure in the course of beyond design basis accidents and maintenance of its operability
	4
	

	Return of the NPP to the controllable state when the self-sustained chain fission reaction stops, continuous nuclear fuel cooling is provided, and confinement of radioactive substances within the established boundaries is ensured
	3, 4
	

	Level 5

(Emergency planning)

	Preparation and implementation (in case of necessity) of emergency action plans at the NPP site and outside it
	5
	Compliance with the RD requirements for the emergency planning documentation (protection of the personnel and the public) shall be analyzed


Appendix 2

RECOMMENDED FORMAT FOR PRESENTATION OF THE REGULATORY DOCUMENTS 
SELECTED FOR ANALYSIS

Table 2.1 

FORMAT OF THE TABLE FOR RD SELECTION FOR ANALYSIS

	No.
	RD title
	Decision on further application
	Notes

	1
	2
	3
	4

	RD serial number
	The full title of the RD and its identification number assigned upon approval (for example, NP-017-2000) shall be specified
	The decision whether any analysis of the NPP power unit non-conformity with the requirements of this RD is needed shall be stated. Substantiation of the decision shall be also provided here
	

	
	
	
	


Table 2.2 

FORMAT OF THE TABLE FOR THE REGULATORY DOCUMENTS SELECTED FOR ANALYSIS

	No.
	RD title

	1
	2

	RD serial number 
	The full title of the RD and its identification number shall be specified

	
	


Appendix 3

RECOMMENDED FORMAT FOR THE LIST OF THE NPP POWER UNIT NON-CONFORMITIES WITH THE EFFECTIVE SAFETY RD REQUIREMENTS

LIST 
OF THE NPP POWER UNIT NON-CONFORMITIES WITH THE SAFETY RD REQUIREMENTS

	No.
	RD paragraph
	Content of non-conformity
	Consequences of non-conformity. Conditions for occurrence of the consequences
	Notes

	1
	2
	3
	4
	5

	The title and identification number of the regulatory document shall be specified in the end-to-end line. Any non-conformities with this particular regulatory document shall be specified under the title.

	
	
	
	
	

	The serial number of the non-conformity shall be indicated. The number shall be generated in such a way so that to contain the reference to the regulatory document the non-conformity is referred to.
	The number of the RD paragraph (or several paragraphs) the non-conformity is referred to shall be specified.

It is desirable to specify the RD provision the non-conformity refers to.
	Wording of the non-conformity shall be stated
	The barriers and components of the DiD levels affected by the non-conformity shall be specified.

Safety-related consequences that can be caused by the non-conformity shall be specified. The conditions when these consequences can occur shall be described.
	

	
	
	
	
	


Appendix 4

RECOMMENDED FORMAT FOR ASSESSMENT OF EACH SAFETY ISSUE EFFECT ON THE NPP POWER UNIT SAFETY AND SIGNIFICANCE ANALYSIS FOR SAFETY ISSUES

	Safety issue No.
	Affected function
	The list of related deviations
	Safety issue. Description of the safety issue. Safety issue significance analysis
	Assessment of the significance category

	
	
	
	
	completeness of the function performance
	criterion for occurrence of the conditions for the consequences
	significance categories of the consequences (radiological)
	significance category of the safety issue
	the required remedial measures

	1
	2
	3
	4
	5
	6
	7
	8
	9

	The serial number of the safety issue shall be specified.
	The function aimed to maintain integrity of the barriers in the paths of the activity propagation and/ or efficiency of the DiD level and associated with the safety issue shall be described
	The list of the numbers of non-conformities grouped into the safety issue shall be provided.
	The wording of the safety issue as well as its occurrence conditions and consequences shall be presented. The additional information enabling to evaluate completeness of the function performance and the probability of the consequences with due regard for the existing and planned remedial measures shall be also provided here
	Completeness of the function performance shall be determined in accordance with Table 6.2
	The probability of the conditions for occurrence of this safety issue consequences shall be determined in accordance with par. 6.3. The occurrence probability of the conditions necessary for the consequences may be determined on the basis of the PSA results or at the qualitative level.
	Determined in accordance with Table 6.4
	Significance of the safety issue shall be defined in accordance with Table 6.1 The safety issue significance category shall be determined with due regard to Table 6.5. If any additional clarification of the category is required it shall be stated in this column
	Determined in accordance with Table 7.1


